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The morphology and characteristics of the so-called GeV gamma-ray excess detected in the Milky Way lead
us to speculate about a possible common origin with the 511 keV line mapped by the SPI experiment about
ten years ago. In the previous version of our paper, we assumed 30 GeV dark matter particles annihilating into
bb¯ and obtained both a morphology and a 511 keV flux (φ511keV ' 10−3 ph/cm2/s) in agreement with SPI
observation. However our estimates assumed a negligible number density of electrons in the bulge which lead
to an artificial increase in the flux (mostly due to negligible Coulomb losses in this configuration). Assuming
a number density greater than ne > 10−3 cm−3, we now obtain a flux of 511 keV photons that is smaller than
φ511keV ' 10−6 ph/cm2/s and is essentially in agreement with the 511 keV flux that one can infer from the total
number of positrons injected by dark matter annihilations into bb¯. We thus conclude that – even if 30 GeV dark
matter particles were to exist– it is impossible to establish a connexion between the two types of signals, even
though they are located within the same 10 deg region in the galactic centre.
I. TOTAL NUMBER OF POSITRONS AT INJECTION
The flux of 511 keV photons which has been reported by the
SPI experiment is about φ511 ' 10−3 ph/cm2/s. This number
corresponds to a luminosity of about L511 ' 1043 ph/s. As
these 511 keV photons are supposed to originate from positro-
nium formation, the number of positrons at energies below
100 eV (where positronium formation becomes efficient) is
about Le+ ' L511/2∼ 5 1042 e+/s.
To determine whether such a large number of positrons can
indeed originate from 30 GeV DM particles, one can first es-
timate the total number of positrons at injection, namely:
dne+
dt
|in j = σv× ρ
2
DM
m2DM
×M ×η.
If their sole origin is dark matter, one expects the number of
positrons to be conserved after diffusion, which should there-
fore give a fair estimate of the maximal flux of 511 keV pho-
tons to be expected from 30 GeV dark matter particles (assum-
ing that there is indeed a GeV excess of dark matter origin in
the Galactic Centre).
In this expression M =
∫
dE dNdE represents the number of
positrons eventually generated by dark matter annihilations
into bb¯ and η is a factor that accounts for the nature of the
dark matter particle. Using the spectrum provided in Ref. [1],
we findM ∼ 10 for a 30 GeV dark matter particle annihilat-
ing into bb¯, leading to a number of positrons in a sphere of
10 kpc of about:
dNe+
dt
|in j ' 1.8 1040
(
σv
3 10−26cm3/s
)
×
( mDM
30 GeV
)−2
×
(
rs
30 kpc
)2
×
(
M
10
)
s−1.
For this estimate, we have taken η= 1/2 (which corresponds
to a Majorana dark matter particle) and considered a NFW
profile with r = 8.25 kpc, γ = 1.2, ρ = 0.36 GeV/cm3, as
is required to explain the GeV excess. As one can readily
see this result indicates that there are not enough positrons
injected by such dark matter candidates to explain the 511 keV
line.
It should be stressed that at such low energies, it is very
likely that the energy spectrum that we use and which was
obtained using the Pythia Monte Carlo code is not very reli-
able. However in absence of a more robust prediction by other
Monte Carlo codes, this provides a good enough framework
for making estimates.
II. EXPECTED 511 KEV FLUX
From this estimate of the number of positrons at injec-
tion ( dNe+dt |in j ' 1.8 1040s−1), we deduce that even if all the
positrons initially injected by dark matter annihilations were
to lose all their energy, the number of 511 keV photons is a
factor 1000 below what is required to explain the observed
flux and thus leads to φ511 ' 10−6 ph/cm2/s. Assuming an
electron number density in the bulge of ne = 10−3 cm−3, we
do actually obtain a flux of 511 keV photons after diffusion
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FIG. 1: Diffused spectrum of e+ from 30 GeV dark matter candidate
annihilating into b b¯ with σv = 3 10−26 cm3/s, using the ’MIN’ ,
’MED’, ’MAX’ parameter sets [2, 3], B= 3 µG and nH = 2 cm−3.
using our code that is in agreement with the analytical esti-
mate above. Typically we find the distribution shown in Fig. 1,
where we note that there is no longer a sharp increase at low
energy unlike Fig 2 of our version v1.
The reason for this change of behaviour at low energy is that
the value ne ∼ 10−3 cm−3 is large enough to prevent Coulomb
losses to become completely negligible, therefore enabling the
positrons to continue losing energy. On the contrary, in ab-
sence of Coulomb losses (ne → 0), the positrons accumulate
at very low energies, thus leading to a sharp feature in the
positron distribution after diffusion at low energy. Although
this rise in the positron spectrum after difussion can be easily
understood, it turns out to be unphysical for the following rea-
son: the number of positrons is conserved but the luminosity
that results from this accumulation exceeds the initial lumi-
nosity. Therefore such a sharp increase cannot exist. In other
words, it is likely that in the limit ne → 0, the losses are so
small that one cannot use the diffusion equation anymore and
one needs instead to use a different technique such as the one
proposed in [4, 5]. We thus conclude that it is not possible
to relate the 511 keV and the GeV excess if the origin is bb¯
injection around 30 GeV.
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